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ABSTRACT
' Basxed on artlficial intelligence research, the franme
based system for reasoning described in this paper is one of the
components of an Intelllaent declsion support system for an
’ Information system on petroleum resources and use vhi@h is being /
desianed by the Informatlon Methodology Research‘?roject as the first
step in the development of a comprebensive intelligent information
system for dealing with enerqy resources in the United States. By
extending the notion of frames to include rule frames, vhich can then
be, interpreted and applied, expertise of various kinds can be
directly encoded into the frame Tepresentation. Framé based rules are
useful in encoding constraints, 'performing aotions, noticing complex
situations, and deducing solutions. By varyling the interpretation of
a rule frame, the same competence knowledge can be used in.-performing
each of these tasks. Rules are able to use frame based representation

s in finding other rules, avoidinq most pattern directed invocation.
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AN INTELLIGENT SUPPORT SYSTEM FOR ENERGY RESOURCES IN THE UNUTED SUATES

S. Roacnberg
Tnformation Methedology Reseavch Project
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) ABSTRACT . !
- c}

: / . .
N . / = . .
[his paper describes a [rawmes based system for reasoning lin a petrgfeum
L ) ’

- regourcea domain. By extending the ngtion of frames to incluhe rule (tames, .
, which can® then be interpreted and applied, expertise-of various lkinda can be
. divectly encoded into the frame representation. TFrame baged rales are useflul
\  in encoding congtraints, performing actions, nbtioing complex gituations, and
/ deducing solutions. By varying the interpretation of a rule frawe, Lhe same.
7 competence knowledge can be used in performing each of these tasks. Rules
/ - are able to use the frame based representation in findfing other rules,
f avoiding most pattern~directed inVocatiQp. )

-

v

/ ‘ ’ |
) ¢ Incveasing amounts of information are now commonly rgcorded and dtored in

3

computers, - Thére is often, however, no corrgsponding increase in the ability

to access and use this information: In this paper I shall discuss one

Y

approach to this task which ‘draws on research in Artificial Intelligence.

Our goal as the conntruction_d[ iﬁzglligepc information systems for dealing

-

with energy resources in the U.5. T shall firet describe the concept of a

“"friendly" representation which can use the’ power of a frame representation
. in organizing in@epmaﬁﬁqn. The remainder of the paper focuses on the use of
& , =R ) : . o .

R .

rules in such a database. We have found frame based rules to be a uselul way

to provide '"intelligence'. in an intelligent information system.

#

e . .\. .
Our goals -are ultimately quite practical; namely the trausfer of A.1.-

) . M - '.o
"technology'" into a real world-domain. This imposes certaln constraints on

the design. Over,200 databases dealing with enevgy regources are already

’

N

mwaintained by DOE. Our representation scheme must be able to usd thig exist-

ing knowledge (Rosenberg (1)). Resl data in these databades is often "messy. "

- N . - '
Cruqial- information is sometimes missing. Of the data available, there are-

’ . ’ L] . 3 .
¢ ’ ¢ + . . , . . ’ S
problems with valldagxouL/wlth information gaps, with variable defynitions.
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A "fuiendly” fepreascutation helpa with these and other prebicms by talong -
i - € [ .
’ . . . . o . K .
the burden of perforhing -routine, if sometimes complicared, functions, [rom N
the reasening component or user., Some ol these funetions are quite swmple, .

auch ag providing nggregated in{ormation, ov:delault valuea. Some are

complex, duch as adjueting the vepresentation by changing deduced conne-

queunces when erroncous facts are corvected., The net eflfect of such o
{ T
friendly systew ia to allow a uaer to focus on higher level tasks, while
J . #

« leaving lower level information processing Lo the representation syestem. 1In

.

. affect, -we propose that in many domainsg, seémantic vepresentations must (unc-
. _

tion dynamically, drawing on interlaced procedural and world knq@ledge,to
B ‘v‘ .

o provide a solid basis for creating higher quality information. ‘
. o~ - ~—
. We use FRL (Frame Representation ﬁangunge) (Roberts and ?ﬁldsccin (2)) as [
! - — . — .

<

tfe basis for our vepresentation. FRL provides a hierarchically organized,

frnmes~b?scd ‘semantics with idheritance and . procedural gttachments among :
other features. This augmented notion of what a data object is allows us to

creatd the types of ”f;kggdly” representation we need. TFRL 1s based on -

LY

.

Minsky's (3) notioh of ftames{ FRL 18 =a BOphisﬁicated, higher level language

%

) . . . , N
« designtd for the represeantation, of knowledge in a variety ,of domains. E
Y « . . z.')"- S . K ‘ * . N - °
A frame 9&0 be thought of ag a named collection of slots which form the
". gemantic definition of a cggggg&!“ﬁﬁ slot -(= property) can be, specified h
s further through the use of adsociatéd user and systeéem defined '"facets." .
v - s ) / . ) !
' .
Useful system defined facets arer Value, which contains the-value-of that .
: i , . : . - A\
skot; Default, which specifies a default valuej, Require, which specifies
. R ' : P ..
. procedural constraints on the values for that slot; and If-Added and If- : . '
. Removed, which specify actions to be taken when a value is added or removed. . -
4 . ) : ) i i
' . / . . ‘/l i . ‘ \&%
Notice ;that many of these facets are procedural attachments which can perform A
+ | a . - (lf -‘ p ‘ o . ’
] calculations when re§uired. Thus,' tf-added attachments can be used)to encode
. ~ § A . '
and "execute constraint, relations between frames. For example, in the portLgn
. ) ' 3 .! . l.'. N . :’-. . t ¥ ) s . ;
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ol a Frame (or Lian shown below, the 1l -added attachment on the cary yoves

‘oz

alot automatically updates aggregation information on world supply. ‘The
N o} b

&

default predicate on the production slot provides a lypical.value when this

3

data is reported 1qte. - .

AL

’ “ . v

: " JRAN ' production S$default (use~lagt-month-value) 2
. " caveyover $if~ndded (add-to-world-supply)

. b . . ‘ . i

" .

FRL allows concepts (= frames) to he nrrunge%/in an inheritance

hievarchy. Thus the frame system forms a tvee atructure. Generic

4 ¢ 0 . . T ) 4
£ »
information is stoved higher up in the hierarchy and shared by frames lower -
. 5

i
x

down; specialized fyames specify ncw distinguishing knowledge. The gfneric

EY
. .. ~ ¢

- knowledge, including computational procedures, i inherited automatically.

Suppose an oversecas supplier of crude oil, such as Iran, decreases’  °
\ ‘
gupplies to U.S$. 'sites. Figure 1, below, showa a portion of the petvoleum

T -
'

flow network. In it, Ivan and Dallas supply the site of Newark. We want to

r - -~

model this reduction in the shipment of oil. This change in production will

ia turn alter some of the constraints we have set in our database. He must

. i
i
. : then dotice when meaningful patterns of information (such as reductd supplies .
3 ] N . s

. at Newark) oacur. Finally, we may want to find alternate soutces. o

*

o

» , To Qeal @ith thtse Your problemp of driving our model, encoding -
. . ==

constraints, nbticing the development of*important gituations, and deducing

solutions, we have found it useful to extend thé concept of frames to include
T, rules. By creating a class of frames called rules, and varying our inter- ' 7

'
Al

. ¢ . L} . " ‘
s pretation of these rules, we can do all~four of these tasks.

A1l knowledge is represented as frames. Thus tules arxe represented as

N A

. . . ; . as . \ '
deqlarative knowledge in the frame tree. The only indication that 'such a

fratwe is a rule consists in the value of the¢generic pointer (e.g., = AKO

3%
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4,

,rule). Rule frames contain condition and action slots. 7To use rules, a rdle
frame . is intevpreted as a procedure, with the slot values controlling-the
interpretation. Thus a condition slot causes a condition to be tested; the

action slot gpecifies the actiou to be performed, and so ion.
Many of the relations between semantic entities in our model can be

encoded as constraints. Changes in information can cauge propagation of

RS

sthese .constraints to occur (nlthough in a moch simpler form than Doyle (4)

proposes.) Simple constraints can be encoded. directly as procedural attach-

]

ments to frames. A change in the informatioa content of one frame triggevrs a

-

sﬂmple predicate which then modifies the information available at another

."!frnme. . (For. exany)le, the 1f-added procedure ip\_the Iran frame.) WMore com-

plex constraints are encoded as rule frames. Figure 2 shows the constraint
/

R » " - :
of Figure 1.in more detail. Here, a generic consgtraint exists whose purpese

ié-tQ see that the pétroléum needed by a site is equal to the amounts its

B )
-~ 1t

suppliers intend'tp-provide. This constraint places a trigger in the generic

gite frame. There it monitors dgmand at all sites. 1If a particular site,
_ Ny - ; )

3
-

A

guch as Newark, changes its monthly needs, this trigger 1s(iqheritgd, and
fires.: The constraint then tries to adjust gupply among the suppliers to

Newark to correspond to demand. _ 6; SN
Rosenberg 4 =
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» . Stte . Constraint: Adjust Supply
® . 7 demand o7 . . oo
A —
. //' — - - }
o N ‘
Consuier Site Producer Site
re N £
AN AN / N\
S.F Newark \ Iran . i
demand‘\
/ Supply-Dallas _)'--.;‘-&
Supply-Newark -~
- assert new demand Coe

FIGURE 2 = ' _ ,

.

Actions such as "shipping" oil are performeéd by using sets of rules as

agents. In Figu¥e 1, an agent which ships oil is shown "attached" to Iran.

-

. .4 . * T L
By monitoring production -and carryover in the Iran Frame the agent determiunes

v

when to ship oil. At the right time the o0il is allocated among the sites

supplied by Iran. . This action can in turn trigger a néw agent. Using rules
. P o

as agents provides a method for drivingtour model to simulate the changing

&

i -
a
AN

state of our domain. : ,

Given a database of changing information, we want to, provide some
. i . . @ '

capability to monitor important -developments, and alert us when nécessary.

1

Many subtle problems can‘arise in providing such alerts. For éxample, rsmall

reductions in supply by vavious pr

-

oducers, together with changes in demand at

_ . . .
gseveral sites can result in‘'a severe shortage at one particular site. Such

dynamic notici

the sentinelg from Figure 1 which do this.

semantic structure a frame hi

4

places a trigger in the generic site frame.. This trigger

L

.»(‘,l .

v

——g

3

Suppose we wish to be war

7 BOSenbérg 5

. leave active expectatiouns in the data base.’

ng is done by treating rules as Sentinels (Rosenberg (5)) which

A3

v

. . A .
ned whenever a consuming site, such ag Newark,

& .

b

4

will experience a severe shortfall in supbly..'Figure 3 shows in more detail

By taking advantage of the’

b

i

erarchy provides, we can create a sentinel whigh

will be inherited

P

TN
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- by nll production site idstances. Reductions beyond some local criterion
expressed on the individual sites will trigger the sgsentinel., Thus the asser- A
“tlLon of reduced pnguction into the Iran fqyme causes the conditions of this
Sentinel to succeed. A reducﬁion of prodpctiog/by”one'producer however (or
. ) . ' . ’ . . .
even geveral), does not necessarliy méan a shortage of o1l at a site. How °
large a p%oport%on of its requirements are met by this producer?’”ban other
* o ) ’ > - :
suppliers make up the slack? Before a shortage warning cgn be issued;
questions such as these must be copsidered. The firet sentinel will examine
the sites supplied by Iran to determine if any are excessively affected. 1€, .
for instance, Newark were solely dependent on Iran for oil, a redUCQKOn‘ln : -
¢ “ * . .
© Iranian preduction is sufficient evidence for a warning. Tf there are . .
\ ) . ' . : . [} . 'r .
. several suppliers to Newark, the best ,choice may be to monitor Newark's
i gupply more closely. 1In this case, Sentinell creatés another sentinel, -
o e ) | o . ‘
; Sentinel?, to monitor both shipments to Newark, and demand at Newark,
. “h . . N :
¥ ~, directly. Iranian production is also monitored. If Sentinel2 notices. a ,
- o I ' ' : ' o g
drastic supply imbalance at Newark, it will give an alert. 1€ production '
] : S - | ‘ . | .
returns to normal in Iran, this Sentinel will erase itself. Sentinels ‘
. {provide a flexible, powerful mechanism for encoding ??e noticiog of : ‘ : ,
l S L~ . . : . : . st
. - Rosenberg &
- * - ‘l . ' o . r ) - 3 } y
al - - 4‘ .‘} . h ‘ﬁ‘ < i
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meaningful patterns of information.

—~

Once an alert has been given, we may need to angwer questions such s

“those ?)0ut posaible alternative aupplies. We are exploring the uvaes of

frame based rules for such reasoning. While appropriate rules can be found

(
by some variant of pattern matching (e¢.f., Planner, or production systems

(Newell and Simoo (6)) we take advantage of the organized semantic structure

7
fito have information 'dl/rect.l.y trigger the appropriate rule(s). Figure 4 shows
. . { .

part of an adjust-supply frame. Sentinel?, on noticing an oil shortage in

. a

Newa%k,»can assert Newark into the buyer slot of this frame. The agdition-of

- . -~

this information triggers a Rule, Rl. By countrast, the assertion of n/new
. ,

-

supplier would lrigger a different Rule, R2. Rl first collects all normal

~

suppliers to Newark, and if these have sufficient stocks,—adjusts supply

using these stocks. Qtherwise, it can try alternative methods of increasing

x

supply. (Try supply-increase) will cause all rules which inherit from the

supp1y~incr?ase frame in Figure 4 to be, evaluated. Although we do not know

*

which specific rule might be relevant, we use the frame hierarchy representa-

tion to allow rules to call on other classes of rules kngwn to Ye helpfuls in

SN

A .
adjust supply . . -
’ . buyer $value Newdrk ——» Rulel
L %y%plier .
, ~==few supplier $value Alaska —» Rule2 -
¢ Rute 1: Condition: buyer
oo . S ) Action: (if({carryover(normal suyppliers))
. (demand buyer)).
) §adjust—supp11es)) .
. (else (try supply-increase))) !
. , , S .
) [ Rule 2: Con&\t1on: New-supplier ) .

Action: Allocate new supplies

.

-« Rule 3: Supply - Increase

T ' o ////////I\ﬁ\\\\\s

ok
: . N Rule 4: Spot  Rule 6: Borrow  Rule 6: Sharg .
: R ‘ Market from other shortage~
: < = sites
. \ * . °
o ' FIGURE 4 ‘ : ’ .
;o -
' _ L S _
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N | “
achiteving theinr ponls. In effect, the use of frames avch as adjust supply,

»

. ! N -
and a rvule hierarchy, allows us to create small contexts of velevant rules
.

. . . { .
and pertinent iaformation.” We have found that using a powerful vepresenta-

tion semantics together with rules provides the ({lexibility and scope we nead
] . -
tn creating an intelligent Ynformation system.

“
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